The Disrupted-in-Schizophrenia-1 (DISC1) gene was first identified at the breakpoint of a translocation between chromosomes 1 and 11 that co-segregated with a broad psychiatric phenotype in a large Scottish family, 1, 2 and subsequent association studies have shown that common genetic variants in DISC1 convey susceptibility to schizophrenia, bipolar disorder and other psychiatric disorders.
3 DISC1 is involved in several neurodevelopmental processes, including the development of white matter, [4] [5] [6] and white matter abnormalities are well-established in schizophrenia and bipolar disorder 7 and have a high genetic correlation with susceptibility to both disorders. 8, 9 Here, we report an association between a common missense variant in DISC1, rs821616 (Ser704Cys), previously associated with schizophrenia, 3 and white matter integrity as measured by diffusion tensormagnetic resonance imaging.
DNA samples and diffusion tensor-magnetic resonance imaging scans were obtained from 87 healthy individuals between the age of 16 and 25 years. Participants were excluded for major medical or neurological disorders, head injury or learning disability, as well as for personal or family history of psychiatric disorders and history of harmful substance abuse. Genotypes were determined using TaqMan polymerase chain reaction (PCR, TaqMan, AssayByDesign, Applied Biosystems, Foster City, CA, USA). The number of subjects in each genotype group did not significantly deviate from the Hardy-Weinberg equilibrium (TT homozygotes: N = 10, TA heterozygotes: N = 38, AA homozygotes: N = 39, P > 0.99). The genotype groups did not significantly differ with respect to age, sex, intelligence quotient (Wechsler Abbreviated Scale of Intelligence), parental occupation or history of substance abuse (see Supplementary  Table 1) .
Diffusion tensor-magnetic resonance imaging data were acquired using a GE Signa HDx 1.5T (General Electric, Milwaukee, WI, USA) clinical scanner with a single-shot pulsed gradient spin-echo echoplanar imaging sequence, with diffusion gradients (b = 1000s/mm 2 ) applied in 51 non-collinear directions. A total of forty-eight 2.8 mm contiguous axial slices were acquired with a field-of-view of 220 Â 220 mm (repetition time = 17 s, echo time = 93.4 ms and matrix = 96 Â 96, zero-filled to 128 Â 128).
The scans were pre-processed using standard procedures from FSL (http://www.fmrib.ox.ac.uk/fsl), including correction for eddy current-induced distortions and bulk subject motion, brain extraction and calculation of diffusion tensor characteristics, including principal eigenvector orientations and fractional anisotropy (FA) values for all brain voxels. Subsequently, we carried out tract-based spatial statistics in order to minimize registration errors and avoid partial volume effects. Briefly, tract-based spatial statistics is an advanced method of crosssubject white matter registration that projects each subject's maximum FA-voxels onto a common 'white matter skeleton', which is created using the average of all individual's FA volumes. 10 This results in one skeletonized FA volume in standard 1 Â 1 Â 1 mm Montreal Neurological Institute space per subject. To compare the genotype groups with respect to FA, non-parametric voxel-wise T-tests were applied to the skeletons using 'randomise' in FSL. Threshold-free cluster enhancement was applied to obtain clusterwise statistics corrected at the whole-brain level (P FWE < 0.05).
The A allele was associated with reduced FA, with significant decreases in the A-allele carriers compared with TT (three clusters: K = 33 929; K = 170; K = 46 voxels) and in AA compared with the TT genotype group (ten clusters: K = 21 259; K = 1061; K = 509; K = 381; K = 322; K = 272; K = 118; K = 14; K = 7; K = 6 voxels). These contrasts showed large clusters that spread over most parts of the skeleton (Figure 1;  Supplementary Figure 2) . A contrast comparing the AA group to T-allele carriers showed four smaller clusters of relative decreases in the AA group (K = 285; K = 77; K = 75; K = 50 voxels; Supplementary  Figure 3) , mainly located in the right superior longitudinal fasciculus. There were no interactions between rs821616 and sex, neither on the wholeskeleton level nor on the averages extracted from significant voxels within each cluster (Supplementary Figure 4) .
Here, we show that white matter integrity is associated with genetic variation in an exonic-DISC1 single-nucleotide polymorphism in healthy individuals. DISC1 is known to interact with multiple developmental signaling pathways, including neuronal proliferation and differentiation, 4 axon growth 4, 5 and myelination. 6 Notably, knock-down of DISC1 function in zebrafish also leads to severe disruption of axonal development. 5 Our results support a similarly important role for DISC1 in white matter development in humans. Considering DISC1 is one of the main risk loci for psychiatric disorders and white matter integrity is highly heritable, the present data provide a plausible mechanistic link between enhanced genetic risk through inheritance of DISC1 genotypes and the development of psychiatric disorders. We have previously shown that deleting CRMP3 gene altered prepulse inhibition of the acoustic startle response, 1 impaired long-term potentiation and induced dendritic dystrophy in hippocampus. 2 In cultured hippocampal neurons, CRMP3 expression resulted in numerous long-branched dendrites, which were inhibited by its dominant-negative isoform. 3 Because the levels of CRMP3 expression in hippocampal neurons correlated with dendrite morphogenesis, it is conceivable that CRMP3 may be a potential therapeutic target in neuronal dystrophy affecting hippocampal dendrites. In this study, we report that CRMP3 overexpression prevents dystrophy of dendrites occurring in a neurotoxic context. Figure 1 Results of tract-based spatial statistics comparing rs821616 A carriers to TT homozygotes. Voxels in which fractional anisotropy (FA) was significantly reduced in A carriers compared with TT homozygotes are shown in red-yellow. There were no voxels in which FA was increased in A carriers. For better visibility the tract-based spatial statistics skeleton has been thickened using the 'tbss_fill' command in FSL. The images are in radiological convention.
